Background: Canada has one of the strongest vaccine safety surveillance systems in the world. This system includes both passive surveillance of all vaccines administered and active surveillance of all childhood vaccines.
Introduction
Vaccines are the most cost-effective public health measure known. Despite this, Canada has one of the lowest immunization rates among developed countries. According to a 2013 UNICEF study, Canada was 28 out of 29 high income countries in terms of immunization rates (1) . One reason for these low rates may be due to vaccine hesitancy. Fortunately, according to the 2015 Childhood National Immunization Coverage Survey this hesitancy is decreasing, with 97% of parents agreeing that childhood vaccines are safe and effective. Concern about potential side-effects was still common at 66% but this had decreased from 74% in 2011 (2).
Canada's vaccine safety surveillance system is considered one of the best in the world (3) . The Canadian Adverse Events Following Immunization Surveillance System (CAEFISS) is a federal, provincial, territorial (FPT) public health post-market vaccine safety surveillance system. CAEFISS is unique in that it includes both passive and active surveillance. Its primary objectives are to 1) continuously monitor the safety of marketed vaccines in Canada, 2) identify increases in the frequency or severity of previously identified vaccine-related reactions, 3) identify previously unknown adverse events following immunization (AEFIs) that could possibly be related to a vaccine, 4) identify areas that require further investigation and/or research SURVEILLANCE and 5) provide timely information on AEFI reporting profiles for vaccines marketed in Canada, which could help inform immunization programs and guidelines (4) .
In Canada, health care providers, manufacturers and the public each have a role to play in vaccine pharmacovigilance (5) . FPT public health officials maintain a close watch on vaccine safety through the Vaccine Vigilance Working Group (VVWG) of the Canadian Immunization Committee. The VVWG includes representatives from all FPT immunization programs as well as Health Canada regulators and the Immunization Monitoring Program ACTive (IMPACT) active surveillance program. The AEFI data from passive surveillance are subject to continuous analysis by the VVWG to detect potential vaccine safety concerns, which facilitates rapid identification and communication of emerging safety issues to enable an effective public health response. This report was developed with input and support from the VVWG membership.
A more comprehensive description of the roles and responsibilities for post-market pharmacovigilance can be found in the Canadian Immunization Guide and the CAEFISS webpage (4, 5) . Details on provincial and territorial (PT) vaccination schedules can be found on the PHAC website (6).
National reports on vaccine safety surveillance data are published periodically (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . The objective of this report is to provide a) a descriptive analysis of the adverse events following immunization reports for vaccines administered in Canada from 2013-2016, b) an analysis of serious adverse events (SAEs) and c) a list of the top ten groups of vaccines with the highest reporting rates.
Methods

Definitions
An AEFI is defined as any untoward medical occurrence that follows immunization but does not necessarily have a causal relationship with the administration of the vaccine. The adverse event may be a sign, symptom or defined illness (18) .
A SAE is defined as any AEFI that results in death, is life-threatening, requires in-patient hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/incapacity or results in a congenital anomaly/birth defect (19). This represents a temporal association and does not necessarily have a causal relationship with the vaccine.
Data sources
The CAEFISS is an FPT collaborative process that includes submission of AEFI reports from both passive and active surveillance.
Passive surveillance is initiated at the local public health level and relies on reporting of AEFIs by health care providers, vaccine recipients or their caregivers. Completed reports are sent to PT health authorities, where population level public health actions, as well as ongoing evaluation of immunization programs take place. AEFI reporting to the regional public health authority is mandatory in eight PT's and voluntary in the remaining six PT's. These reports are then submitted on a voluntary basis to PHAC for inclusion into CAEFISS (20) . The PT health authorities also receive reports from federal authorities that provide immunization within their jurisdiction (including First Nations and Inuit Health Branch, Correctional Services Canada and Royal Canadian Mounted Police). Any AEFIs received by National Defence and the Canadian Armed Forces are reported directly to PHAC. On rare occasions, AEFI reports are submitted to PHAC directly from physicians, pharmacists, travel clinics and the public. These reports are entered into CAEFISS and a copy and/or reporter information is sent to the health authorities of the PT of origin.
As of January 2011, a change in reporting regulations required Market Authorization Holders (MAHs) to report AEFIs to Health Canada hence, MAHs gradually stopped reporting AEFI to PHAC. All MAH reports were therefore excluded from this report (accounting for 0.6% of all AEFI reports received by PHAC).
Active surveillance has been conducted by IMPACT since 1991. IMPACT is a pediatric, hospital-based network funded by PHAC and administered by the Canadian Paediatric Society (21) . This network currently includes 12 pediatric centres across Canada where nurses, under the supervision of pediatric and/or infectious disease medical specialists, screen hospital admissions for target AEFIs, including neurologic events (e.g., seizures and Guillain-Barré syndrome), thrombocytopenia, vaccination site abscess/cellulitis, intussusception and other complications that may have followed vaccination and that led to a hospital admission (22, 23) .
During report processing, personal identifiers are removed from the AEFI reports prior to submission (via either hard or soft copies) to PHAC, where data are entered into CAEFISS (24) . During entry, quality assurance is performed to resolve data discrepancies and identify and reconcile duplicate reports. Serious AEFIs are identified based on the case definition, and reported AEFIs and medical history information are coded using the International Medical Dictionary for Regulatory Activities (MedDRA, version 17) (25). Medical interventions, including concomitant medications are coded using the International Anatomical Therapeutic Chemical classification system. This coding is followed by a systematic medical case review by trained health professionals to assign a primary reason for reporting. For purposes of the medical case review, national case definitions for AEFI classification from the CAEFISS user guide were used (24) .
Data elements in the analysis include the number and rate of AEFIs per year, primary reason for reporting, age and sex distribution, outcomes, an analysis of all SAEs, and a list of the top ten groups of vaccines with the highest reporting rates. Results in this report are presented by year of vaccine administration (2013-2016).
Data analysis
All AEFI reports submitted to CAEFISS by August 14, 2017 with a vaccination date from January 1, 2013 through December 31, 2016 were included in this report. Data from one jurisdiction was not included in this analysis due to technical issues with transmitting and receiving data to CAEFISS. Since this data was not included in the numerator, the population of this jurisdiction was not included in the denominator when calculating the national rate per 100,000 population.
Descriptive analyses were conducted using SAS enterprise guide software, version 5.1 (26) . Where possible, reporting rates were calculated using vaccine doses distributed data provided by Market Authorization Holders under an agreement with PHAC. The number of doses distributed was used as a proxy measure of persons vaccinated in rate calculations for both overall rates and vaccine-specific rates. Statistics Canada annual population estimates were used as a denominator in rate calculations when a doses distributed-based rate could not be calculated (27) .
Results
A total of 11,080 AEFI reports (2,750 AEFI reports in 2013, 2,848 in 2014, 2,845 in 2015 and 2,637 in 2016) from 12 PTs were received by CAEFISS during 2013-2016. Over 80 million vaccine doses were distributed, representing reporting rates of 12.1-14.3 per 100,000 doses distributed (Figure 1 ).
Age and sex distribution
The reporting rates per 100,000 population, by age group and sex, are presented in Figure 2 . The median age of all reports during the reporting period was 12 years (range: <1 month to 104 years). The majority (56%) of AEFI reports were for children and adolescents under 18 years of age. The highest reporting rates were in infants under one year of age (121.8/100,000 population), followed by children aged one to two years (with a rate of 121.3/100,000 population). Of the 11,080 reports, 63% were in females. Male predominance was observed for children under seven years of age and female predominance was observed among those seven years of age and older. Table 1 provides the number of reports and reporting rates per 100,000 population by age group and year of vaccination. For all years, the highest reporting rates were observed in the less than one year and the one to less than two year age groups. Rates fluctuate slightly over the years in the two to less than seven year age group and for those seven years of age and older rates were relatively stable over the four years.
Primary reason for reporting
During the medical case review, a primary AEFI category was assigned as the main reason for reporting and was further classified to a sub-category. Table 2 lists the primary AEFIs and their sub-categories, by total reports. The most common primary Figure 3 presents the distribution of AEFIs by primary reason and age group for reporting as determined during the medical case review. Vaccination site reactions were the most common, followed by rash and allergic events. Vaccination site reactions represented the majority for all the age groups except for children under the age of two. For children under the age of one, the most commonly reported AEFI was other (includes sub-categories such as gastrointestinal disorder, persistent crying and hypotonic-hyporesponsive episode), followed by rash. For children between the ages of one and less than two years, the most commonly reported AEFI was rash, followed by vaccination site reactions and infection/syndrome/systemic symptoms (ISS). Abbreviations: AEFI, adverse events following immunization; N, number ª "Other" includes, but is not limited to, hypersensitivity and urticarial b "Cerebellar ataxia" is defined as sudden onset of truncal ataxia and gait disturbances (22) . Of note, this assumes absence of cerebellar signs appearing with other evidence of encephalitis or Acute Disseminated Encephalomyelitis (ADEM), in which case it would be classified according to the Brighton-Collaboration case definition (23) c "Other" includes, but is not limited to, seizure like phenomena and migraine d "Other" includes, but is not limited to, dizziness and dyspnoea e Extensive limb swelling of an entire proximal and/or distal limb segment with segment defined as extending from one joint to the next (24) f "Other" includes, but is not limited to, vaccination site pain and vaccination site swelling g "Other" Other events in the Canadian Adverse Events Following Immunization Surveillance System (CAEFISS) form h "Other" includes, but is not limited to, lymphadenopathy and arthralgia Figure 4 shows the primary AEFI categories and the proportion of each category that is considered serious. The proportion ranged from 0-46%. The proportion of serious events was highest for the neurological event category (46%), followed by ISS (19%). Of note, vaccination errors included only a small number of reports (nine AEFI reports) and no serious reports.
For children less than 18 years of age, 7% (n=407) of all submitted AEFI reports were through active surveillance. Even though the proportion is small, they represented 56% (n=401) of all serious AEFI reports submitted for this age group, reflecting the contribution of the hospital-based active surveillance system. (Note: Data not shown; numbers do not completely correspond to the percentages as the percentages have been rounded to the nearest integer.)
Health care utilization Table 3 shows the reported highest level of care sought following an AEFI. The most frequently reported health care usage was non-urgent health care visit (37%). Most people with a reported AEFI (93%) did not require hospitalization. In almost 25% of cases, no health care was sought.
Outcome
The outcome at time of reporting for all AEFI reports is shown in Table 4 . Full recovery was reported in 76% of the reports. For those not fully recovered at the time of reporting (18%), the reports are revised when updated information is sent to CAEFISS.
Serious adverse events reports
Overall there were 892 SAE reports out of over 80 million vaccine doses distributed during the reporting period. This represents a rate of 1.1/100,000 doses distributed and 8% of all AEFI reports over the four year time period (range: 1.0 to 1.2 reports per 100,000 doses distributed). Figure 5 shows the proportion of SAE reports resulting from hospitalization (n=745), life threatening events (n=103), fatal outcome (n=32), residual disability (n=11) and other reasons (n=1).
Among the SAE reports, the most frequently reported primary AEFI was seizure (20.1%), followed by anaphylaxis (12.4%). The majority of SAEs were in children and adolescents less than 18 SURVEILLANCE years of age (80%). Over half of these were reported in children under two years of age; which was to be expected, due to the number of vaccines provided to this age group to protect them when they are most vulnerable to vaccine-preventable diseases.
The majority (73%) of SAE reports had fully recovered at the time of reporting. There were roughly 15% (n=137) of SAE reports where patients had not fully recovered, at the time of reporting. These reports are revised when updated information is received by CAEFISS. The remaining outcomes for SAE reports included fatal outcome (n=32, 3.6%), permanent disability/incapacity (n=10, 1.1%), outcome unknown (n=60, 6.7%) and information on outcome was missing (n=2, 0.3%).
All 32 reports of death underwent a careful review and all were found not to be attributable to the vaccines administered. Nine of these (28%) were reported in the youngest age group (less than one year of age); of which six were reported as sudden infant death syndrome (SIDS) and three as resulting from other underlying medical conditions (cerebral infarction, cardiac arrest and complications during nasogastric feeding). Seven deaths were reported in the one to less than two years old age group, of which three were reported as sudden unexplained death syndrome (SUDS), three due to infection not related to the administered vaccine(s) (pneumococcal, streptococcus pneumonia/staphylococcus, necrotizing encephalitis) and one due to a pre-existing condition (brain injury). There were two deaths due to underlying conditions (congenital disease and severe brain injury during birth) reported in the two to less than seven years old age group, and one death due to pre-existing condition (epilepsy) in the seven to less than 18 years old age group. The remaining 13 deaths were reported in adults: six in the 18 to 65 year old age group and seven in the 65+ year old age group (age range: 49-93 years), all of whom had pre-existing medical conditions. The listed causes of death included cardiovascular diseases (myocardial infarction, ischemic heart disease and atherosclerosis), lung disease (chronic obstructive pulmonary disease, asthma), central nervous system disease (dementia, H1N1 encephalitis, cerebral palsy and intracranial empyema), malignancy (lung and breast cancer), immunosuppression and diabetes mellitus.
Top 10 vaccine groups for highest reported AEFIs
During a vaccination visit, one or more vaccines may be administered. Among the 11,080 reports, a total of 18,134 vaccines were administered, an average of two vaccines per report (range 1-6). Table 5 lists the 10 vaccine groups with the highest reporting rates, and shows 1) the number and reporting rates of AEFI reports for each of these vaccines (given alone or concomitantly with other vaccines), 2) the number and proportion of reports when the vaccine was administered alone and 3) the number and reporting rate of serious reports associated with the administration of that vaccine alone. The vaccine with the highest rate of AEFI reports submitted was Meningococcal serogroup C conjugate vaccine with a rate of 91.6 per 100,000 doses distributed (n= 1,346) with the vast majority non SAEs. Although the Meningococcal serogroup C vaccine had the highest rate, the greatest number of AEFI reports submitted was for the influenza vaccine (n=3,405; 7.1 per 100,000 doses distributed; data not shown).
Discussion
Between 2013 and 2016, the overall average annual AEFI reporting rate was 13.4/100,000 doses distributed (range: 12.1 to 14.3) or 8.9/100,000 population. This rate is lower than that reported in the 2012 CAEFISS annual report which had a rate of 10.1/100,000 population (17) and the 2015 Australian annual report, which had a rate of 12.3 per 100,000 population (28).
Missing data from the one jurisdiction would have accounted for an estimated 2,000 AEFI reports over the four years, so we recalculated the rate per 100,000 and the overall rates were Abbreviations: N, number; SAE, serious adverse events a Rate is per 100,000 doses distributed still lower than the 2012 rates. The differences in Canadian reporting rates may be due to under-reporting, the use of combined vaccines in children could result in fewer reports being submitted (e.g., measles, mumps, rubella vaccine (MMR) and varicella vaccines were combined into MMRV), variations in the reporting of expected milder events, and the exclusion of Market Authorization Holders reports from this analysis. Additionally for Australia there would be differences in reporting structures. No unexpected vaccine safety issues or increases in frequency or severity of expected adverse events were identified during the reporting period.
The majority of AEFI reports involved vaccines given to infants and young children. This was as expected, given that this age group receives many vaccines-both at a single visit and spaced closer together-affording more opportunities to report to a health care provider. A greater proportion (63%) of reports involved females. This is similar to other findings where females in the adult population were found to consistently report more adverse effects (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 29) . The reported sex differences by age can also be explained in part by higher vaccine coverage in female adults (30) . Sex-specific differences were significant (p<0.05) in those seven years of age and older, with a higher AEFI reporting rate seen in females compared with males. This is similar to results found in other studies that have studied sex-specific differences in AEFI reporting rates (29, 31, 32) . There were more male than female AEFI reports submitted for those under seven years of age; however, this difference was not significant.
The majority of reported adverse events from approximately 80 million doses of vaccine distributed in Canada were the expected, non-serious vaccination site reactions, such as pain and redness, rash and allergic events, such as hypersensitivity.
Over the four year time period, 8% of AEFIs reported were serious adverse events. This proportion is slightly higher than that reported in the United States for the same time period (5%) and compared to previous years in Canada, but lower than that reported in Australia in 2015 (15%) (17,28,33). The majority of SAEs occurred in children and adolescents, which may in part be due to IMPACT, which contributes over half of all serious AEFI reports for those under the age of 18 years and looks for specific surveillance targets in children (20, 34) . At the time of reporting, the majority of the SAEs had fully recovered. Of the 32 deaths reported over the four year time period, none were found to be attributable to the vaccines administered.
Limitations
Passive surveillance for AEFIs is subject to limitations such as underreporting, lack of certainty regarding the diagnostic validity of a reported event, missing information regarding other potential causes such as underlying medical conditions or concomitant medications and the different AEFI reporting practices by jurisdictions within Canada, possibly leading to over/under-reporting of mild AEFIs from some FPTs. Despite these limitations, passive surveillance is useful for detecting potential vaccine signals, which can be further investigated and verified. Seasonality was not analyzed as a potential variable in this report.
There are also limitations associated with active surveillance. IMPACT uses predetermined AEFI targets (such as seizure), which may limit its ability to identify new adverse reactions to immunizations. In addition, IMPACT focuses on admitted pediatric cases, which means only the most serious cases are detected. Lastly, IMPACT is not comprehensive, as it covers only 90% of Canada's tertiary care pediatric beds and hospital admissions (23, 34) . Despite these limitations, IMPACT is able to fulfill an important role in vaccine safety surveillance by actively identifying targeted serious AEFIs in the pediatric population.
In addition, the number of doses administered in the population cannot be determined therefore either doses distributed or population statistics are used as the denominator. The use of the doses distributed can underestimate rates, as they do not take wastage into account. Furthermore, doses distributed in one year may not be administered in that same year, further limiting the accuracy of the doses distributed denominator. Despite these limitations, a doses distributed-based denominator for rate calculations was used when possible in this report as a population-based denominator assumes similar distribution of vaccine doses across population subgroups, although this may not be true in all cases.
Conclusion
Canada has a comprehensive vaccine surveillance system that revealed an average AEFI rate of 8.9/100,000 population. There were no unexpected vaccine safety issues identified or increases in frequency or severity of expected adverse events. The majority of reported AEFIs were expected and mild in nature and there were no unexpected or increases in serious adverse events. Vaccines marketed in Canada continue to have an excellent safety profile.
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